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Introduction

31
Removal of organic micropollutants from water intended for human consumption is a growing 32 concern for the drinking water industry due to increasing occurrence of these compounds in surface 33 water and groundwater, as well as their adverse effects on human health (Schwarzenbach et al. 34 2006). Application of nanofiltration (NF) processes for the removal of micropollutants has become 35 widespread due to an effective rejection achieved by full scale plants (Cyna et al. 2002) 
Analytical methods 213
Radiolabeled ES was measured with a liquid scintillation counter (Beckman LS 6500, USA); 1mL 214 of sample was analysed in 20 mL scintillation vials containing 7 mL of scintillation liquid (Ultima 215
Gold LLT, UK). Inert organics (dioxane, dextrose PEG 400, PEG 600, PEG 100) were measured 216 with a Total Organic Carbon (TOC) V CPH/CPN Shimadzu analyser with the high sensitivity catalyst 217 in a non-purgeable organic carbon mode. Calibration standards were made using potassium 218 hydrogen phthalate (Acros Organics, UK). Samples were analysed for TOC the same day of the 219 experiments. HA concentration was determined by ultraviolet absorbance at 254 nm measured with 220 an UV Visible Spectrophometer Cary 100 (Varian, UK). Samples were analysed within a few hours 221 from collection and stored in the dark at controlled room temperature. Conductivity and pH 222 measurements were conducted for the feed, permeate and concentrate samples using a pH/Cond 223 340i meter (WTW, Germany). 224 225 2.5 Calculation of HA-water partitioning coefficient K HA 226 HA-water partitioning coefficient K HA for ES was determined as a function of pH and HA 227 concentration using the negligible-depletion solid phase micro-extraction (nd-SPME) method 228 developed by Neale et al. (2008) . The SPME method allows estimating the fraction of 229 micropollutant bound to NOM, irrespective of the specific interactions (e.g. hydrophobic, hydrogen 230 bonding, etc.) between micropollutant and NOM. The method measures the freely dissolvedconcentration of a micropollutant in water at equilibrium and it is based on the valid assumption 232 that only the freely dissolved micropollutant and not the fraction bound to the organic matter is 233 measured by the SPME fibre (Poerschmann and Kopinke 2001) . 234
235
The SPME fibres were calibrated to establish the time necessary to reach equilibrium and calculate 236 the fibre-water partition coefficient K fw for ES as a function of pH. Seven polyacrylate (PA) fibres 237 The error in the determination of K fw , K HA and f HA was calculated from the instrumental error in the 274 determination of m F , m W , m TOT and m DOM using the error propagation rule (Miller and Miller 2000) . 275
De Munari, A., Semiao, A.J.C., Antizar-Ladislao, B. The HA-water partition coefficient K HA for ES was determined using the nd-SPME method 281 described in Section 2.5 and the fraction of ES bound to HA, f HA hence complex formation, was 282 calculated with equation 5. In order to determine K HA , the SPME fibres were calibrated to obtain 283 the fibre-water partition coefficient K fw for ES as a function of pH. 284 does not dissociate, this was attributed to the hydrolysis of α-ES and β-ES to ES-diol, which has 297 lower log K ow and therefore less affinity to the fibres (DiFilippo and Eganhouse 2010). However, 298 the decrease at pH 10 and 12 can be considered negligible once the logarithm is calculated, since 299 the difference was less than 0.5 log units, and log K fw for ES can be considered constant with pH 300 2 ) and independent of pH 364 and the presence of HA (Figure 3b ). ES adsorption was higher (average over pH: 0.03 µg/cm 2 ) for 365 the more hydrophobic TFC-SR2 (Table 2 ) compared to the TFC-SR3. At pH>8, ES adsorption 366 decreased with and without HA for the TFC-SR2. In this pH range ES hydrolyses to ES-diol, which 367 is less hydrophobic than α-ES and β-ES (Table 1) that the variation of membrane surface characteristics with pH (i.e., negative surface charge 372 increase with increase of pH) combined with hydrolization of ES isomers to ES-diol, which has a 373 lower molecular weight and lower hydrophobicity, decreased ES retention by the TFC-SR3 374 membrane with increasing pH. The same occurred for the TFC-SR2 membrane with the exception 375 of pH 12. At this pH it is possible that some of the ES diol is dissociated (pKa value in Table 1)  376 which might have an enhanced retention by the negatively charged membrane. 377 For TFC-SR3, R HA was 99% and could be considered constant with pH and HA concentration (± 497 2% variability); for TFC-SR2, the average HA retention over the pH was 88%, increasing from 498 75.8% at pH 4 to 98.5% at pH 12 and from 71.5% for HA concentration 5 mgC/L to 99.1% for HA 499 250 mgC/L. 500
501
The retention estimated with this methodology is indicated with a dotted line in Figure 3c and 502 fouling (evidenced from a decrease in permeate flux in Figure 4a ) became more important. 527
However, even at high HA concentrations ES retention was lower than the estimated retention 528 (dotted line) since solute-membrane interactions could not be considered negligible. 529
In order to establish how solute-membrane interactions affected ES retention in the presence of HA, 531 the characteristics of both membranes were evaluated for membranes pre-filtered with 900 mL of 532 ultra-pure water and background electrolyte and membranes pre-filtered with 900 mL of solution 533 containing 12.5 mgC/L of HA and background electrolyte at pH 8. Membrane MWCO and contact 534 angle were determined in order to evaluate change in membrane pore size and hydrophilicity caused 535 by the presence of HA (Table 3) . 536 537 (TABLE 3) Tables   Table 1 -Characteristics of pesticide Endosulfan   Table 2 -Characteristics of TFC-SR2 and TFC-SR3 Table 3 -Membrane characteristics for a membrane pre-filtered with 900 mL of ultra-pure water and background electrolyte and a membrane through which 12.5 mgC/L of HA and background electrolyte have been filtered at pH 8 
